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PCR screening for 8 currently named genes in 3 silver resistance transcriptional 27 units, silE, silRS and silP, silCBA and silF was performed on total DNA extracted 28 from all clinical isolates. Plasmids were isolated from sil-positive strains to 29 determine if the genes were present on the chromosome. MICs and zone of 30 inhibition assays were utilised to examine phenotypic resistance to silver nitrate and 31 ionic silver. Evidence of silver resistance genes was demonstrated in six strains of 32
Enterobacter cloacae, an organism rarely implicated as a primary pathogen in 33 chronic wounds. MIC data showed that all strains were inhibited at silver nitrate 34 concentrations 5mg/L. When tested against a silver-containing absorbent wound 35 dressing all strains showed inhibition of growth after 24 hours. In MIC and zone of 36 inhibition studies, inhibition was evident but reduced in strains which contained sil 37 genes. Although sil genes were found in six of the wound isolates studied, the 38 genes were consistently associated with a non-pathogenic bacterium. Furthermore, 39
Introduction 43
Silver resistance has been reported in bacteria isolated from both clinical (Carr and 44 Rosenkranz 1975; Annear et al., 1976; Hendry and Stewart, 1979; Markowitz et 45 al.,1983; Slots et al., 1990; Klasen, 2000) and environmental (Belly and Kydd, 1982; 46 Haefeli et al., 1984; Grewal and Tiwari, 1990 ; Choudhury and Kumar, 1998) settings. 47
The genetic basis for silver resistance was first reported by McHugh et al in 1975 M a n u s c r i p t demonstrating that silver resistance was plasmid encoded and has been confirmed by 49 others (Haefeli et al., 1984; Grewal and Tiwari, 1990; Gupta et al., 1998; Davis et al., 50 2005 homologous genes that encode resistance to other genes. The silver resistance 60 cassette of genes encodes two silver efflux pumps (one an ATPase and the other 61 chemisomotic) and two periplasmic Ag + -binding proteins (Silver 2003) . The aim of 62 this investigation was to determine the prevalence of silver resistance genes in clinical 63 wound isolates and to determine the prevalence of silver resistance in equine and 64 human wound care. Human wound isolates previously investigated for the presence 65 of silE, silP and silRS using crude DNA preparations were further investigated using 66 separate total and plasmid DNA isolation protocols and improved primers for the 3 sil 67 genes together with additional primers for silCBA and silF in the present study. The 68 aim of this study was to investigate the presence and prevalence of silver resistance 69 genes in human and horse wound isolates, to confirm that genes existed on plasmids 70 and to determine if a silver-containing wound dressing was effective against wound 71 isolates possessing silver resistance genes. 72 M a n u s c r i p t Medicine, University of Liverpool, UK were screened for silver resistance genes. In 77 addition one hundred and twelve strains isolated from human diabetic foot ulcers 78 which had previously been investigated for the presence of 3 sil 79 genes were also screened further for additional evidence of sil genes. All bacteria 80 isolated from horse wounds were characterised using standard techniques and rapid 81 identification methods (API and Vitek, BioMérieux Inc., France). The horse wound 82 isolates which had been previously identified included; coli J53-1 pMG101) and all clinical isolates using a GenElute bacterial DNA isolation M a n u s c r i p t kit (Sigma, Dorset, UK) following the manufacturers' instructions. DNA was 99 extracted from all isolates using this method and provided high quality, clean total 100 DNA (genomic and plasmid) for use in PCR amplification. All bacterial strains were 101 grown on tryptone soy agar (TSA; LabM, Bury, UK) plates for 24-48 hours (37 o C). 102
Following incubation a single colony from each bacterium was used to inoculate 10 103 mls of tryptone soy broth (TSB; LabM, Bury, UK) and grown up overnight before 104 carrying out DNA extraction. Figure 2A ). Zones of inhibition were clearly apparent around the SCH for all strains 185 tested (Figure 2A ). Results showed a significant difference (P = 0.0003) between the 186 CZOI for the sil-positive and the sil-negative strains tested ( Figure 2B ). The zones of 187 inhibition for sil-positive strains were smaller than those generated by the SCH in the 188 presence of sil-negative strains. No growth inhibition was seen around the perimeter 189 of the NSH control dressing with any strain. 190
191
Discussion 192 Data from this study has shown that 3.5% of a total of 172 bacterial wound isolates 193 possess silver resistance genes. The prevalence of sil-positive strains in horse wounds 194 was 6.7% compared to 1.8% in human wounds. All 6 isolates were strains of E. number of antibiotics (Paterson, 2006) . All sil gene positive bacteria identified in this 205 study were strains of E. cloacae which are frequently isolated from both chronic and 206 acute wounds (Cason et al., 1966; Fox, 1968 ). Resistance to silver was first described 207
in Enterobacter spp isolated from burn wounds (Bowler and Davies, 1999 a and b). 208
Further evidence on silver resistance transpired from studies using Salmonella 209 typhimurium which had also been isolated from burn wounds (McHugh et al., 1975) . 210
In this study the presence of the sil gene cassette was confirmed on plasmid pMG101. 211
212
Investigation of the prevalence of silver resistance is important because of the 213 possibility of plasmid transfer and hence cross-resistance in other bacteria. Chronic 214 wounds are colonised and infected with an array of different bacteria. The wound 215 therefore provides and ideal environment for the transfer of plasmids, which may 216 contain sil genes, between strains particularly as biofilms are becoming significant in 217 this area (Percival et al., 2005 (Percival et al., , 2007 Davis et al., 2008) . Conversely, the 218 situation of silver resistance may be similar to that associated with S. aureus 219 methicillin resistance in that silver resistance is restricted to a particular species of 220 bacteria and not easily transferable which will make it relatively manageable as 221 compared to a host of organisms acquiring resistance. in bacteria isolated in the present study underlines the fact that in our opinion, the 241 danger posed by silver resistant strains in the wound care setting is low and that silver 242 resistance genes appear to be confined to E. cloacae and not pathogenic bacteria 243 associated with infected wounds. Evidence here and in the literature (Hendry and 244 Stewart, 1979; Chopra, 2007) indicates that the organisms found to have silver 245 resistance are rare, suggesting that silver resistance genes are difficult to transfer and 246 be maintained by other bacteria. Hence the threat to wound care at this present time is 
